Background. EQ-5D valuation studies are usually performed using the time tradeoff (TTO) method, which is costly and time consuming. We focused on 2 properties that particularly characterize TTO: the initial choice task categorizing health states as better than death (BTD), worse than death (WTD), or equal to death (ETD), and unwillingness to trade (UTT) lifetime to improve health. The aim of this study was to estimate the value of the information to be gained from continuing the conventional TTO tasks beyond the initial question and the extent to which meanbased EQ-5D tariff values could be predicted through a simplified method of categorizing health states into BTD, WTD, ETD, and UTT. Methods. We used data from the UK EQ-5D valuation study (n = 2997). We designed an abbreviated system with only 4 values (collapsed TTO [cTTO]) based on the 4 response categories and assigned values as follows: WTD =
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To allow comparisons of outcomes across different health care programs, several descriptive systems have been designed to capture dimensions of health and combine these in a single index. 1 One such system is EQ-5D, which describes health along 5 dimensions, each with 3 levels. Each of the 243 possible EQ-5D health states is assigned an index value or utility weight, which can be used in economic evaluation. 2 These tariff values are essential for priority setting based on cost-utility analysis, and therefore, it is essential that the values are valid. To date, the most prominent national EQ-5D valuation studies have used the time tradeoff (TTO) method for obtaining values by eliciting population preferences for the health states described by EQ-5D. 3, 4 TTO has usually been administered in face-to-face interviews, which are time consuming and costly. Because direct measurement of population preferences for all the possible health states would be prohibitively expensive, previous TTO-based EQ-5D valuation studies typically measured a subset of the 243 possible health states, using regression modeling to predict values for the remaining states. Although other estimators have been suggested (e.g., medians, 5,6 circular regression 7 ), most published national tariffs have been estimated to reflect the mean population preference for health states. The focus of this article is trained on mean-based tariffs.
In planning for a Norwegian TTO-based EQ-5D valuation study, we reviewed the literature on TTO valuation and protocols used to find possible venues for simplification and cost reduction. We aimed to devise a method through which a large representative sample of respondents could perform a simplified valuation procedure, ideally through a postal or Web-based survey, ''adjusted'' using the answers of a small sample of respondents performing both the simplified and the ''full'' TTO (fTTO) procedure. We identified 2 characteristics that we considered to be essential to the TTO procedure and that would have to be taken into account in a simplified procedure.
The initial choice task: The TTO protocol used in most EQ-5D valuation studies describes a 2-step procedure. The first step, the initial choice task, allows respondents to value the target health state (health state to be measured) as being better than death (BTD), worse than death (WTD), or equal to death (ETD). The second step involves different tasks for states considered WTD and states considered BTD. The initial choice is pivotal for 2 reasons: it determines whether the target state ends up with a positive or negative value, and it determines the subsequent valuation method. The life/death-question may generate affect and have considerable impact on the subsequent part of the valuation task. We therefore hypothesized that the initial choice task could have a greater influence on subsequent valuation than intended, thus reducing the additional value of the continued valuation procedure.
Unwillingness to trade: A common response in TTO-based valuation studies is an unwillingness to trade (UTT) any portion of life duration to achieve perfect health, indirectly stating that the target state of reduced health is as attractive as perfect health. This unwillingness to ''play the game'' 8, 9 is qualitatively different from all other possible TTO responses in that it constitutes a failure to perform a tradeoff between longevity and quality of life. In previous valuation studies, UTT responses varied in number by health state. However, they were included in the calculation of health state means and in the regression modeling to extrapolate values to all EQ-5D health states. 3, 4 Because we believe that these 2 characteristics of the TTO procedure directly influence the distribution of resulting values, we thought a simplified procedure should account for them. Because the two characteristics divide TTO responses into 4 qualitatively distinct categories (UTT, BTD, ETD, WTD), this categorization would be necessary in a simplified procedure. We refer to this theoretical simplified procedure of asking respondents to categorize states into UTT, BTD, ETD, or WTD as the collapsed TTO (cTTO) procedure because it entails collapsing all BTD values into one category and all WTD values into one category.
In the present study, we wanted to determine how much of the variance in tariff values stemming from fTTO could theoretically be retained using cTTO. Using data from the UK TTO-based EQ-5D valuation study, 3 the objectives were to address 2 research questions:
1. How much information on the value of health states is gained when going from cTTO to fTTO? 2. To what extent could an fTTO EQ-5D tariff be predicted using the cTTO procedure?
METHODS

Data and Methods from the UK Valuation
We used data from the UK TTO-based EQ-5D valuation study completed in 1993 3 (3395 respondents). We chose to perform analyses on the UK dataset because the UK valuation study is the model on which more recent TTO-based EQ-5D valuations have been based, and it is the dataset that most people in the field are most familiar with. Because the valuation study is described in detail in the original valuation article, we shall only point out some characteristics that are important for the analyses we performed. Respondents with incomplete data were excluded, leaving a sample of 2997 respondents for analyses. Each of these valued 12 health states from the EQ-5D descriptive system in random order, selected from a pool of 42 EQ-5D health states. The selection procedure ensured that all respondents valued health states that varied in severity. The 42 measured health states were valued by varying numbers of respondents.
The initial choice task in the TTO procedure asked respondents to choose between immediate death and a hypothetical life of 10 years in the target state. The respondent's preference in this choice determined if the state was valued as BTD, WTD, or ETD. Subsequent BTD and WTD elicitation was performed using different methods. The BTD method aimed to determine how long a life in perfect health (the best EQ-5D health state) the respondent considered equivalent to 10 years in the target state. If the respondents were indifferent to a choice between 10 years in the target state and 10 years in perfect health, they were considered UTT. The WTD procedure compared immediate death to a life of 10 years divided into 2 parts, one part in the target state and one in perfect health. The idea was to measure how much time in perfect health was needed to compensate for time in the target state, for the sum to equal immediate death.
While TTO values are bounded upwards to a maximum of 1 (the value of perfect health), they have no theoretical lower boundary. In the UK valuation study, the lowest possible value was -39. (For a more detailed description of the TTO procedure, the differences between BTD and WTD data, and transformations of WTD values, see Supplementary Appendix 1.) Because the absolute scale of the negative values is much greater than the scale of the positive values, the mean is heavily influenced by values in the lower end of the WTD scale. In the UK study, untransformed means were negative for more than half of the 42 measured EQ-5D health states. To counter this, WTD values were transformed to a lower limit of -1 using the Patrick transformation. 10, 11 This and other suggested WTD transformations have been criticized for their lack of theoretical foundation 5-7 but have been considered a necessary evil in the calculation of mean-based EQ-5D tariffs. Because our scope was mean-based tariff calculation and our analyses were performed on UK valuation data, we used the Patrick transformation in our analyses.
fTTO and cTTO Values
In this article, fTTO value refers to the final value reached through the TTO procedure. In cases where respondents valued states as WTD, fTTO values refer to values after transformation. For example, if a respondent considered 10 years in a certain state of health as equally preferable to 6.5 years in perfect health, the fTTO value was .65 (see Supplementary Appendix 1 for details). cTTO values denote a simplification of fTTO, assigning fixed values for each of the 4 categories (UTT, BTD, ETD, and WTD) of valuations identified by the initial choice task and respondents' UTT. cTTO values were calculated from fTTO values by setting all UTT values to 1, all BTD values to .5, ETD to 0, and WTD to -.5: UTT : fTTO51 0:5;
BTD : 0\ fTTO\1 0:0;
ETD : fTTO50 À0:5;
WTD : fTTO\0:
Thus, each respondent valued 12 health states, giving 12 fTTO values. For each of these, we assigned a cTTO value depending on the category in which the respondent placed the state. For instance, if a respondent valued state 22222 at .35 using fTTO, the corresponding cTTO value would be set to .5. If the fTTO value for state 33333 were set to -.3, the cTTO would be set to -.5. fTTO and cTTO values were identical for states categorized as UTT and ETD.
The use of .5 for BTD and -.5 for WTD values was arbitrary. For the purpose of this analysis, we simply chose the midpoint between death and perfect health (.5) for BTD values and -.5 in order for WTD values to mirror BTD values.
The term ''fTTO health state mean'' refers to the mean of all fTTO values for a specific measured health state. If we define A i as the set of respondents valuing state i and use j to traverse A i , the fTTO health state mean for state i is
Similarly, we calculated means of all cTTO values for each of the 42 health states, referred to as the ''cTTO health state means.'' The cTTO mean for state i can be calculated by substituting fTTO ij by cTTO ij in equation 1.
From fTTO values, we also calculated the means for each health state from only those respondents who valued the state as BTD (excluding UTT) and the mean for those respondents who valued the states as WTD. If we redefine A i as the set of respondents considering state i to be BTD, equation 1 is the BTD mean for state i. The corresponding WTD mean is found by using the set of respondents considering state i to be WTD. We refer to these as the BTD and WTD health state means.
Thus, for each of the 42 health states, we had 4 means: the mean of all fTTO values, all cTTO values, all BTD fTTO values, and all WTD fTTO values.
Regression Modeling and Population Means
The objective of the tariff modeling was to predict estimates of the population means for all possible EQ-5D health states. Regression-based tariff values are heavily influenced by the means of the directly measured health states. Therefore, we performed analyses both on the 42 directly measured health state means and on predicted values for all 242 EQ-5D health states (perfect health excluded). We used the procedure from the original valuation study in our regression modeling, the N3 regression model. Unlike the valuation study, we made 2 models and 2 sets of predicted values: one set on individual fTTO values, and one on the corresponding cTTO values.
Statistical Analyses
To assess the gain in accuracy obtained when shifting from cTTO to fTTO, we wanted to test the extent to which health state values given through the BTD valuation task alone or values given through the WTD tasks alone were related to mean health state severity. We used linear regression to predict the fTTO health state means, first using all individual BTD values and then all individual WTD values. For each of the 42 health states to have equal weight in the regressions, the weight for each BTD health state value was set to 1/(number of BTD responses for that state), and the weight for each WTD value was set to 1/(number of WTD responses for that state). For instance, the mildest state was considered to be WTD by 10 respondents, while the worst state was considered to be WTD by 2572 respondents. Without weighting the values, the worst state would weigh approximately 257 times the mildest state when regressing WTD values on the corresponding fTTO means. We used the weighted Pearson product moment correlation to assess the strength of the association between health state means of cTTO and fTTO. Figure 1 is a graphical representation of the steps involved in the following analyses. To determine the extent to which an fTTO tariff could be predicted using cTTO, we performed 2 sets of analyses. The first set was concerned with the relationship between the 42 health state means of fTTO and the 42 health state means of cTTO. We regressed the 42 fTTO means on the corresponding cTTO means. UTT and ETD valuations were included in the calculation of means because the proportions of respondents choosing these values vary by health state, directly contributing to the variance in the fTTO health state means.
The second was concerned with the relationship between tariff values predicted from fTTO and values predicted from cTTO. Here, we predicted values for all 242 EQ-5D health states (243 minus the best state, which has a defined value of 1) using individual fTTO values and individual cTTO values. Then, we regressed the 242 fTTO values onto the corresponding 242 cTTO values. We used a 5% significance level using 2-sided tests.
Further Analyses
In addition to the presented results on UK data, all analyses were performed on data from the US valuation study. 4 Because the US and UK valuation studies used different methods of transformation (the Torrance and Patrick transformations, respectively) for WTD values, we performed analyses on both US and UK data using both methods of WTD transformation. 3, 4 The results from these analyses did not add new substantial information to the presented findings from the UK material. Details and results of these analyses can be found in Supplementary Appendix 2.
In a realistic application, a small sample of respondents would be asked to value health states using both cTTO and fTTO in order to estimate the functional relationship between the 2. This estimated relationship could then be used to adjust cTTO values from a larger sample in order to model fTTO values. To illustrate such a scenario, we randomly split the UK valuation respondents into 4 groups of equal size. We let each of these groups represent a relatively small sample for which we had both cTTO and fTTO values, referred to as Ftto1 to Ftto4 (different capitalization to separate the groups from the TTO value types). The complement of each group, the remaining 75% of the respondents, was then used to represent the larger cTTO-only sample, which we will refer to as Ctto1 to Ctto4. In each of the 4 group pairs, we estimated the linear relationship between cTTO and fTTO by regressing the health state means of fTTO in groups Ftto1 to Ftto4 on the corresponding means of cTTO in the same group, that is, in the random 25% of the study sample. We used these estimates of the linear relationship between cTTO and fTTO to transform cTTO data in the corresponding Ctto groups, that is, in the remaining 75% of the sample. We then used the N3 regression model to predict tariffs for all 243 EQ-5D health states based on the transformed cTTO values from the Ctto groups. Finally, we compared the 4 modeled tariffs to the published UK tariff in terms of mean and maximum absolute deviation. Figure 2A shows the distribution of TTO values given to the 42 health states as well as the means for the 42 states ordered from best to worst by the fTTO health state means. Using the fTTO mean health state values as a measure of health state severity, the corresponding BTD health state means were strictly declining ( Figure 2B , black line). From the best to the worst state, the mean of all BTD valuations fell from .891 to .453. Pearson r between weighted individual BTD valuations and fTTO health state means was .443 (P = 0.003).
RESULTS
Unlike values given using the BTD tasks, WTD health state means displayed no apparent relationship with the corresponding fTTO health state means ( Figure 2C, black line) ; WTD values for the mildest states were similar to WTD values for the most severe states. The weighted Pearson correlation between individual WTD ratings and corresponding means of fTTO was statistically nonsignificant (r 2 = .08, P = 0.583).
There was a strong linear relationship between fTTO health state means and the corresponding cTTO health state means ( Figure 3A) : Pearson r between the 42 fTTO means and the 42 cTTO means was ..999 (r 2 = .999) ( Figure 4A ). Population means for health states based on cTTO displayed the same order and relative distances as means based on fTTO. Linear regression predicting means of fTTO using means of cTTO gave an intercept of -.047 and a slope of 1.263.
We used the N3 regression model to predict tariff values for all 242 health states (perfect health excluded) from individual fTTO and cTTO values ( Figure 3B) . When regressing the fTTO tariff values on the cTTO tariff values, the correlation was ..999 (r 2 = .998) ( Figure 4B ). The intercept was -.047, and the slope was 1.250. These findings were robust across different combinations of datasets (UK and US) and WTD transformations (Patrick and Torrance transformations). Details are shown in Supplementary Appendix 2.
When we estimated the functional relationship between means of cTTO and means of fTTO in the randomly split samples Ftto1 to Ftto4, the intercept varied between -.036 and -.053, and the slope varied between 1.246 and 1.271. We then adjusted the cTTO values in Ctto1 to Ctto4 using their respective Ftto group's cTTO to fTTO estimates and used the N3 regression model to predict tariffs based on the 4 sets of fTTO estimates. Figure 5 displays the published UK tariff with the 4 estimated tariffs, based on our split sample approach, superimposed. The mean absolute difference between the published tariff and the estimates was .010, and the maximum observed absolute difference was .031.
DISCUSSION
Four findings may be worthy of attention. First, while the proportion of respondents considering health states to be WTD was strongly related to health state severity, values given through the WTD valuation task were apparently unrelated to health state severity. Second, the 42 health state means of fTTO and the 42 means of cTTO showed an almost perfect association. Third, the 242 tariff values based on fTTO and the 242 tariff values based on cTTO showed an almost perfect association. This applies to both US and UK data, using both the UK (Patrick) and US (Torrance) transformations of WTD values. Finally, our modeled split samples, where one fourth of the UK valuation respondents were used to estimate a linear transformation from cTTO to fTTO and transformed cTTO values from the remaining three fourths were used to model tariffs, indicate that it could be possible to predict tariffs with a high degree of accuracy. These findings suggest that the EQ-5D tariff could be estimated from a simplified cTTO task.
The valuation of states considered WTD is problematic and has been a returning issue in the literature on EQ-5D and TTO. 12 To our knowledge, the lack of an association between mean health state severity and values from respondents considering states to be WTD has not been pointed out previously. This applies to untransformed TTO values as well (analyses not presented) and therefore appears not to be an artifact created by transforming WTD values using the Torrance or Patrick transformations. Several factors may contribute to respondents' unsystematic WTD valuations: One could argue that WTD states are essentially impossible to value, that the WTD task in question is too difficult for respondents, or that the lack of systematic responses could be explained by a subset of respondents reversing the WTD scale. It is also conceivable that valuing a state as WTD in the initial choice task induces affect, discomfort, or framing effects that reduce the ability of respondents to perform the subsequent task systematically. We doubt that any definite explanation can be found from post hoc statistical analyses of WTD values. Qualitative studies using ''think aloud'' techniques could provide some information, at least for effects of which the respondents are conscious. Regardless of the explanation, the finding suggests that little is gained from continuing the TTO task in question once a state is considered to be WTD.
The close association between means of fTTO and means of cTTO, and between predicted values from fTTO and cTTO, may be explained in part by the construct overlap between fTTO and cTTO. However, the findings suggest that there is little or no information gained from the part of the TTO task that tries to determine exact values within BTD or WTD. Technically, this finding shows that the WTD values only add noise, while the BTD values mirror the variability already captured by cTTO. As Dolan and Roberts pointed out in 2004, 13 the use of the aggregated mean in TTO-based valuation studies masks large variation in stated preferences. The observed ability of cTTO to capture the pattern of mean changes in BTD values resembles the arguments behind using pairwise comparisons and Rasch models to model differences in utility.
This study has several limitations. First, our findings rest on the assumption that unbiased cTTO values (in particular UTT) may be elicited without going through the fTTO procedure. However, we are not privy to the deliberations of subjects who responded to the TTO tasks. There is a lack of knowledge about the conscious and unconscious processes involved in TTO valuation. Quantitative analysis on retrospective data can only hint at the underlying psychological processes. Additionally, the scope of this article is mean-based models, and mean-based models require transformation of WTD values. Whether cTTO could be used to predict fTTO tariffs using estimators that avoid the need for WTD transformation (median models, circular regression, or models based on robust estimators) remains unknown. Furthermore, our analyses and findings pertain to one specific TTO protocol. As such, the findings may not apply to other implementations, like the lead/lag time TTO methods, 14 where the initial choice task does not involve explicit comparison to death. We have used the valuation samples from the US and UK valuation studies ''as is.'' We have considered the appropriateness (or lack thereof) of the 2 studies' respective exclusion criteria, sampling techniques, and so on as outside the scope of this article; while generality with respect to factors like age and education is crucial when producing a national tariff, this was not our objective. We have, however, performed numerous sensitivity analyses to test whether factors like ethnicity, sampling design, and respondent weights influence the relationship between means of cTTO and means of fTTO. Using respondent survey weights, accounting for the clustered sampling design (US dataset) or splitting the datasets by gender, ethnic groups (US dataset) alter means of fTTO and means of cTTO in similar manners, leaving the correlation between them at ..998 in all our tests. Finally, our analyses were restricted to retrospective data. We have not prospectively predicted fTTO values from cTTO in real life.
Implications
Our findings suggest that it could be possible to obtain fTTO values through a simplified, low-cost valuation procedure in which a small sample performed ordinary TTO (fTTO) and a large sample performed tasks aimed at eliciting cTTO values directly. However, the observed association between cTTO and fTTO may be related to problems in the TTO method, such as 1) asking respondents to consider health states in relation to immediate death, as the initial choice task does, may cause unpredictable behavior. How different individuals relate to the concept of death varies greatly, but for many, death induces anxiety and discomfort, both of which may cause erratic or irrational behavior. Because death was most salient in the initial choice task, this task may have had a greater impact on resulting values than intended. Statistically, this would manifest as random error within BTD and within WTD. Discomfort caused by the concept of death could also explain the apparent reluctance to give values in the vicinity of death (the gap effect 9, 15 ). 2) The subsequent valuation was different for BTD and WTD states, which may have caused confusion. This would also be expressed as random error within BTD and within WTD. 3) The WTD task was very complex; it involved simultaneous changes in quantities of 2 different hypothetical health states compared with the metaphysical concept of death. While some respondents may have performed the WTD tasks as intended, others were likely to make mistakes or even reverse the scale. This would be expressed as random error within WTD. It is possible that the observed relationship between cTTO and fTTO may stem from these 3 (or other) unintended effects of the TTO task. However, determining the presence, absence, or contribution of these (and other) potential problems would require a different study design from that used in this study. If future research can demonstrate that the observed findings are not caused by unintended effects of the TTO valuation tasks, we believe that the relationship between cTTO and fTTO may safely be exploited in order to reduce the cost of future TTO valuation studies.
We believe that the cTTO procedure could be relevant for use in cases where population representativity and cost are major issues and alternative cost-saving valuation methods (e.g., the visual analog scale) are considered inferior. One area where this could be relevant is in future valuations of the EQ-5D-5L (EQ-5D with 5 levels on each dimension), where the number of health states is greatly increased over the current 3-level version (3125 v. 243). Using cTTO would lower the unit cost per respondent; hence, the total study cost could be greatly reduced, and/or larger samples could be used in order to increase representativity. If cTTO could be elicited using Web or postal surveys, we crudely estimate that the cost of one cTTO value would be less than one twentieth of the cost of a face-to-face elicited fTTO value. Each of the modeled split sample tariffs ( Figure 5 ) would then cost less than one third of the complete UK valuation study. On the other hand, the estimation of the appropriate cTTO to fTTO transformation would introduce a new kind of uncertainty in the tariff modeling procedure. Thus, the cTTO procedure would constitute a tradeoff between cost-efficiency and predictive accuracy. With correlations ..999 between means of cTTO and means of fTTO, our analyses indicate that if cTTO can be elicited directly, the predictive accuracy (for mean-based models) remains high. Real-life implementation of cTTO valuation would have to be performed to determine the actual level of uncertainty introduced and the associated costs. Finally, we have to point out that when cTTO is used to model fTTO, pre-existing problems with the TTO protocol (e.g., the failure of WTD to discriminate between good and bad health states, WTD transformations without adequate theoretical support) are inherited in full. These problems should be carefully considered when planning future valuation studies.
We conclude that there are serious problems with the WTD part of the TTO procedure because it fails to discriminate between good and bad health states. The close association of fTTO means and tariff values with cTTO means and tariff values suggests that a simplification of the TTO method for the purpose of valuation studies may be possible.
